
%ri^/j'«fyiit'^ s~--%*-T> ̂ SSRv^t"?' ~&" •'<•<*&*--* 

Reproduced '. by 

».V. 
!   f 

T E 

ARMED   SERVICES  TECHNICAL   i'^ORMATiOM   AÖEHCY 

, 

\y\ 

XI I 

, Goveriir^cinrtherf by incurs: no 'jre^pbri^ib 
.1 jliat^r; a^'t^.^t:^^^§|^ )nay 'have formula« 
^rW^j n ^^^mS^m^^^mV*^ specifications 

f .»* 

>'M 

t<5 f • :rf^ smmlmMämL- 
way bi related thereto." 

?W; 

\^^&/^^;^"4^Y^W^^:^ 'i^*rtWi*fe«' . T 

£ EM#**H.M!f1l lfffi,SfiJJlff WHP 





Ä.    ' 

INITIAL .DjSÖlIBUTiÖHi. 

:v .Copies 

i'3   • 

n 

ft   " % 
&/    -, 
f< 

£ r l 

I.«    v 

h"% ' 
&* " 
^ ,'.   . 1L^.J 
•r."i'' 

F •'.. • 
:«§ r  • 
; a>" 

^5»-'- 

i. " 

wf.;    " 

Mr '* 
«v _ 

l£f,* 

y 

4 

4.. 

1 

3 

1 

1 

t 

1. 

i. 

5 

-1 

i 

, i 

Chief»,Bureau of-Ships,, Project Records '(Code. 3/(52).,, fpr distribution: 
5   Project-Records'(562-)'      .    -••-•-.'     - *  '-,-_'' • ,    ,;   '• 

, 1, .Technical Assistant, to 'Chief .-of Bureau" '(.liOff-)'-".-    . ,   ,   . 
1, / Resfarch. Diyis ion .(35-0;), '••>'•-•',-.'  •• "•••''••.-" . 
i ^sKip.Deslgtf^QOf •'• ' .-'• ,.' i  •'   -••-.•   ,' 
•T    Ship Design {'401J ';      ", • •''':'     v'-V 

•    2 ' 'Preliminary Design (420) Attri.: 'Ca'pt,* ..Parrin arid Mr«5 Niederraair 
V   Scientific--,#420'.' ';•'•'    . "    '    '       " '• •• '•'•*'' "      .' -     ••'"•' 

, 1 ^.Ship-Tächrilcal,-Hull Design (;505): - .    •    . 
2;.Sfiip-Te.ähriic.äl,. "Submarines „.(.5^5).* Atta:,. Capt. weaver, and Vs.. 

.•Gomdr;. Rösebprpugh '    •,    "     ,'- .'•,'-'. -"        . ''.   - ' - 
Chief of Naval Research,. c/o Sciehce; and .Techrielpgy Project, Library 

,   ,,of Congrpss, WaaSihgton,. D^ C... • -.    • . • ,•   '      '. ; 
?'• .Fluid Mechanics Branch (426;)   ,   ~/'-y~ T. r" .7,-y^------ '.-'.= 

Chief of; the Bureau, of Aeronautics,, Aero: and; Kydr9 Dynamici'Branch 
Chief of the Bureau of ordnance, Research ana DSVo^öpaenu; Division?'  ~ 

i[ D>,..-p.A. Max/ield: '    "   -;.   -  ' :     - .   £, "'• .     -   .,-., • \ *'- 
CbBunander,< Naval. Granaries Laböräjtbisy,. White. Oakt Silver Spring, Mdyi. 

Copies, for Dr." Z." Siawsicy. arid. DrV J-.'S? HcHilleri .  .. -- - 
Cömmariding.Officer,,. Naval Ordnance Test. Station, iriyokösn-,' P>0. China 

LaRe.,JCal$f.:"  '- ',      .'./..       ..'   ' ' .'  :.--r - \ - „-  - *       • • 
2- Vhdg^ater; Ordnance piviPion. in papa^eria.» C^l-lf..   .._/•- 

Conmiandirig Officer, .Naval Torpedo S.%tiph^-Design Section,', Newport, " 
,-:R.;i- ^   ;.;•-.        -"••*-         "'    \      ' \:J • . ''••••>   '. .:"•  •"-•";' 
Directoiv'Naval'Research;lÄbpra/bpry:      '•,-'• ',-. ' >        -v 

.    -1 Dr.. M.VÄV Garstens          ^.--.','...'  • •   ,    ,.   "    './-'•.' 
Dr.- H,N.-?atbn> Hydraulic i^bp.ra.tbry.i .-National Bureau bf .Stahdards,, 
Cpmaande.r E>A< Wright.,, U.S.Ni. Production Divi.sJ.pn,. Charleston-Naval . 

Shipyard» Naval BaBe, • Npriih'Gäreiiria:   '.-        _ ;. ;:-.-   '   .        . ., 
Mr, »J, .R.. Cqmstpck, Assistant^ Naval/Architect, Newport News. Shipbuilding 

and Dry Dpck ten., Newport News, ya..  ... ....       ... 
Mr," C .H./;Harico;ck,/;Hya»aulic jiBbpratpry,,'Newport. News Shipbuilding and 
_'Dp'^K Cb-i*. .Newport NeWiiiVVa. /   '.' ' ., •[_,    '_.••-    \      .   • 

•Mr. jöhh=B>. Parkinson,. ,Seäplärie Basin, tarigleyv"Memorial Aeronautical 
iabbratory, Larigiey Pi'eidy Va. ;  . 

Director*of Research- NatioriaUAdvisory Cömmittee for,' Aeronautics;, 
-i'^2% P".S-tree't, NtW.;,"Wa|hv DVC..   •''..''..•        -- ;. 

•Mr-. <V.i. RUBSb,. fl,..S. ^ritime Coim'Issiön, Washs D.C:. ; 

Director, Ordnance Research Laboratory„ Periheylvaniä State, Cpllegei 
:'.s|ätei'Gpliege,\.Pa>'   ' .•; -'.".'' '"''-. 

-G.ag.tairi^E.jR. Eggört.,JUvS..Ni. (Refc>, go'x- 241,. Rpute 2, Vienna,      *       ;^r 
•   ^rirgi-riiav -    ';; ' 1   ' -.     'V'* '_•'."'    '\   ;.'-•• 
Rear;-;A.dmirai H.S.. Howard-, U.S..N.  (Ret), Stevens, Institute, of'Tech-i. 
••.'riplogy,, tobpkehi -N.J. .'•"''-• '"..'•'   .- -""."'. 
Director, Experimental Towing TariK, Stevens institute of Teöhriclogy, 

w   Ho'cokeri,; ^J-.'i.' l- .copy ,for Mr. A.. ,'Suarez 

8r^r ••• 

7M~ 
V-JJ" ,   ,  



ij^j^ässils^^mssäi^^S^S^^^^SS^^S^^ti.,-'- 

.1- 

I 

-1^ 

,1 

1; 

1 
1- 
T 
1 

c 

i- 

>- 

1. 

1: 

1 

Vice" Admiral E..L. ' Coßhränej,. U.!S«;H. JHetv),, Heact, uepartraesip oi.~NäVHi-- 
- Arehitiacture and *^^ine;Engtee^Mng'jLjMäa3äö.hü&itta Jnsjtjbüt;^ pf 

, .TesiittPlogy,,. Gamfiridge .3$,. Maas»      ...   . '•'.        -     .'- 
,   i"' Prof, George ^.Manning   .    ,;     ',. .'.       •   ,,    ,   .   . 
ProfessorFrank M. Lewis, j).ej?t'. of Mechäriicai^Engiriaerlng, Mass.;. 

Inst, of lech*,. Cambridge, '39,*,,Mass'". ' -   '    • -•    "   .-. <•' -,'\ 
Di*. A.'iC. ippen, Dopt. of-Civil arid Sanit^y Engineering, ifeissi inat. 

of '^«ehnolögV'i, Cambridge-1 3^'Mass.. 'V.v   ;.*.,'.        ' 
Dr:s j^W- Uaiiy-,. Äsat. Professor?.,pf .Hydrauiios* Massachusetts. Iiist.. - 

V", of' Technology- Caßbriäge^0i ifäss-      ,;'   ." .,     •"•;'': /; '*•"• • .';,'••   ', 
Dry V.L. Styeeter,, Illinois..Institute of Technology,, Chicago T6, 111. 
Dr. V-.£'*. Schiff., Stänforä "UniveriBityi, Pälo. Aito> Ga^ifC"1"     .  ' 
Professor-J;.K. Ve.nnard> Stanford„university,, Pälö Alto/ CaM?'."   ...    " 
Professor A*. Dohäld; Hay,- Princeton University,. Princeton, :New Jersey 
Professor LsÄ* Baier* Hesdj Department of Naval Architecture,; and 

.Marino. Engineering,, University of Michigan, j^Arlbpry. ;Mich... ' 
' ^Brpfessor^Wafiia ;SV Hämii^ön^TDepp- ~Bf G:iVil^Eng.ino5^.inSY ^Prth=_   \ 

Western U^iveräity,-Evanstpn> 111.       ."   .'."   ?" -   , . -x      .' ' .   ! 
Profeispr Karl E. Schbenherr, Dean,öf' -Engineering,, University of      ,. r;Noteer'ijamöi Npt^>:DMe;,-, Indiana   *: "',.   '• ,  - ;••' -•     " 
Professor j%-ji> Hopper* ATden.'Hydraulic iÄb;6ratpry:, Wp'reesfcer;Ppiy>-* 

D>. ,Huhter,.Rpü^e, .'Direptor, Iowa; Institute of hydraulic: Research, 
"''State ^University gf Iowa, Iöwa^i;ty;,.;ipwa  . '•.,.'"'-•' 
Df•'.- RPbe.rvt'T-. Knapp, Director» Hydrodynamics Eaboratöryj. California 
- Institute öf ^^ '.'•;        y :''-', --'. 
Dr< Lorenz &. Straub/Director, Saint Anthony "Pails. Hydraulic 

.   "iabPi'atoTy^ 
Mr. c;.A. Lpe,. -Hydraulic Engineer, Research ahä Development febPra»,, 

tpries^. fämberly-Ci^Ä^^ Neepah-, »Wis6. • .     , 

DirePtPrj/flyärauiic Laborätpry,;' Virginia .Ppiyt.eghrifc lh;stitu.t;fv 
;.  Blägicsburgi Va>-   - '.'••-•• •'-,"• ,'        '•'.•'••.   '-•"•/',:'-•,'"' 

v'   --" - 

iffy '.•^•••latlum;. 

c s'.r^v '"r.nr^:r 



t^.J_^^röfflMa«ia»a«».a'«>-m^ 

EFFECT ÖF TRAN-SyBRSE. CÜRVÄTtpE QN: FRICTIQML RESISTANT, 

by-    ;  . -.  • 

'•• • '•":. . I, Landweber "    '  -'. •'•"•:-'• .y..;":-''. 

:> 

1 

' • ' ' - ABSTRACT   - ••   -.    -,"_,- :- ,-.•.•;• .*-'": • -• / . 

A theoretical value lor the effect ofltrtosverse curvature on frlcfloaal resVsfc-"' 
ance is computed.   An important consequence is the indication that an appreciable 
correction for transverse curvature is required in astlmatlng the frietlo^al re- 
sistance of small ship models.        *    ', --v"   "^    ... 

INTRODUCTiQH ,   "\ .;,., 

. It 15 generally-supposed> .iü^t--thä. friottoml-jS9B£iCtälmff^ör;a'fl^t 
plavo is increased by the presence of any immersed edges, of the'plate paral- 
lel to a" stream. This effect- has been fttrfbuted; to the continuation of the 
fec:ahdary_ layer beyond the edge of the plate,,, with the inp"licätlpn. that sinee 
additional fluid has. lost momentum within the additional •böi^id'äry .layer., the 

drag :müs.t. be greater.. Äs an extension of this argent Cömstosk and Hancock 
11}? have reasoiisd, that transverse curvature must also: increase frictlpnai . 
resistance over that .for a, flat plate.» Their argument "•appears' to .assume 
that, for-the> samf ^Reynolds.number {based on downstreajii distance fleam', fore- 

most •point or leading edge), the curved surface? and flat plate" have the same 
thickness of boundary layer; and consequently, since th& area: of the section 
of the boundary layer would be slightly greater for the curved surface;, it 
mUst have retarded more fluid and consequently have more drag. Shis argument 
involves several unsupported assumptions.. Nevertheless the, esps>r.iaent-s of 

. Kempf {?): Ott the drag of axially vowed smooth cylinders.1 indicate that friev • 

tiönal. rasi&tarice increases with curvature;. ' "-'•-.' 
Sihce \$b2 it has been.claimed "that transverse, curvature iappreciä'i- 

bly increases the fricMonal resistance of small ship models, the effeeft 
. dimihißhihg with increasing_si^e (i), .'As ä consequence, th& Briötiöriai 
Resistance Committee of the American Towing Tank Conference ha« considered a 
proposal for applying .a curvature'correction t-a fiat-plate friction data when 

computing the frictionai resistance of a small ship modSi. To evaluate this 
proposal, the effect P? transverse; curvature on frictiönal re^iBtance has'' 

.be>ntcalculated theoretically..,     • •- .        .. ••'. ; 

u _. «Nu^ers. in..parentheses indicat> references listed on the.last page of this repoiH 

;r 
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To-determine the effect of',curvature it Is proposed to "compute the _ 

ratios of the.shearing stress.and drag of a cylinder (with axis, parallel;-to. 

the stream) to those on, ä flat .plat§,.. Jor the same. Reynolds number. This pro- 

cedure wlil consist in-determiningthe resistance öf "äT^yllhder^by^Ytendlng^ 

Prshdtl U, -method (2% f.Qij computing the resistance; of a fiat pitete from laws 

derived from, öharacterl'stiüs; of turbule'nt flow in'pipes.. ThV Äethodassumes 

the i/Tthrpower law' for the' velocity" distribution and'Blasius:'1 empirical 

fbrmuia för the shearing; stress at the wail for a turbulent bdundSry layer... 

For a flat plate the method' giy-es results in- good agreement with experiment • 

for Reynolds hümbers :betweeh ,2 x 10?' :and ;2':x TO'-,, thereby indicating that the 

assumed -laws are independent of' the curvature of the wall. In the present 

problem, since the resis.tähcö of the= curved and flat plates will be cqmputed 

upon the %ame basis:* and we arei,concerned ;pnly With the ratio Of the shearing 

stresses and drags, arid not with their absolute, values, the results, should.  - 

serVe; äS cSvgood äp&roxiim>tiph for even hiigher> Reynold^ numbers.. 

the -calculations are- tyased upon the following four equations/.: the 

first is- the empirical ÖläsiUs formula, for shearing stress;'at' a wall ih.,?. 

turbulent boundary, layer f the söcond represents the l./7th-pbwer law of veloc~ 

ity distribution; the third is the relation, between shearing stress and drag ; 

for,a circular cylinder\ and-the fourth is the ,mömeht"Um: integral, Jwhich states, 

that the drag of ä. length x of ä cylinder is equal to the: loss of momentum;, of 

the fluid-at the distance *. from the'hose, of the cylinder'; 

*• vfcöi&pug {fF~ iH 

.1** I/.?'     - 

<       i 

..T •= 
•T.'dl) 

27iY;'dx •,m 

VUL.. where f is' the Rearing s;trea&;v aft "the; wal%; ' '       *  V-^V-,- -- _,;••--'" 
, -       ;/5' is the mass density of; the, fluid;; . ' ' ,   ;     ' '''.'* "'''"' 

".    • if ±s the- kinejiaWcrv,iscps.iJy, u     ; • ; '"'...",-'".. 
•"••$- "is -tljl ^ötedary-fayer'thicimeiäSj .'.-•'. 
;#fcis_ the ffjBS?streamvelocity* relative to the body, 

<U is the. velocity oT the .stream yelative^ to the tody ät ä diltähcei 
• -' : <f-n£m the • wall',,                                        • ,       • 
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P 
^^ 

or. 
'I 

% Is distance from; the. 'wäll äiöngza. radius at a section öf thö cylinder:,/ 
".-*•; .iB''*höx radius:, of the %Wnder,    r   ' T'   <-"    •',''      -:,'.-''     '. '   '. 

J5 is.:;th® drag: .of '%'.l'erigth JB-of *he^cyiilhder., r<4- "^-.. ..'-    ^   .*   -s^ •.' 
>g, Is. the distange "along; the^ :cjrlihd5:fc, meäöt^ei* iraan w.^'foroffiöst.p'olf.t.- 

•   •; if fche^yalue for Vin £2 j* is substituted into •[:&]* *-&? integrally. 
be;gyäluattd: to: ;give.\..    .-.'.'• .-'   .--"'••" \ * •:-k \^':v.". 

Also, fppm'p-]_^nd» £33v 
3? .•   .-' *•.<• . 

;\i/4 

Eliiaihätingjj between '[M and ,[•.&].glyes the/differential equation. ;.      / 

; ^.y:r^4^^.mfrhm^ .:. ;;j:;;';':: 
OR, -i'fttegcatjlng, and; simpMfy-Ingj      .'   _-;*- \ ,:        , -":'•    *   , 

Where R,«^^ , a Reynolds number;.;   ; '_."-. 

- /Let 66  bei
:the thiokness; of the. boundary lay^ 

. {p.'ÄobJ.v'1rhehV:^'o*"'t:7J! "  •''-'' "'"'-.    ',. '  •  "•    .•:,''''"',-• 

***<0.3TH 
,-0.2. 

ana- nence 
:i $.8 

^ui^Immediate. oonsAquencejaf j[9l,|s <that Jhe boundary layer^on ajgohvex <[urved 
plate,Is tirlnnerAhan on a flat plate at t-he same Reynolds number*, in agrees 

;ment with experiment; see Reference /,(T," ;p, T971- '•'$0* To *>e th£ shearing 
stress::afc the- wall j?pr a flat pjäte.   fhen,.rfröm< [1'jv ._;" ;    ,    -      "\ 

*'-Äf> :% 
isl -   •-,>•',, • 4 .and; ;he?ice>». Mow %$$* 

i.-:J>A-," 

•t-fcS: 

" -if i-ii" "1;'' 11^4 

. .. _. LetSj,, H SfA drag: c-i; a..flat jjlatg of length x, haying the, same 
.developed :area as; the .cylinder.:.. Le.fr Ä -be thö. developed area£ then '>•= 2?rrx* 
Renoe^|t%,«iay;be,. written.as-     •'  J        •.".-.',• '',•''.''•'   ' • 

"^v 
*•-. *. —-. J ~T,T?~> ^"V;. "^ • T;___.__. _ ,_^_ ^ 
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Equations [19] and .[20,]. are.\«ood approximations for -».Rx_ <U ora<0; 
For larger values of«,, Rations 0% CHL #4- M jho^e^d- 
of ^ ar^ iy/p6:.against f S^'S.Computed^fto*W«W«»»tJÖ..£l;»- 
are listed in Table land; graphed iin-Fifeura 1.     ._.___.;,   ^ _ _: _ 
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Figure T - Effect Of Transverse Curvature on'Frtstibnal-Resistant ' • 

.^e.c^esare.*^.*^ 
a turbulent fcpuaaary'Isysr* . --»-'" -.i_ . 

T is »shearing -stress ba wall». 

..!>, is .fftrfioc^.-refiiBtanoe,- 

«As-distance from föreffiöst pqio; 4?" 
edgs of cyldnd'er or plate, 

. r, is radius of cylinder, 

&•  is-BejnoUs number,tt.i/i', 
-X;'""   '."     '.""-"   . •   '   '•.''"   . •  • 

B is Beynoläs nunfcer, V$t/ti 

0   " -   "... .-•:..- ;. ". 
i» is kftnenatiö- yisc'oSity-, saä 

J  is length c? cylinder or plate.» 

Zero sub.8.pript äenqSes values for-a 
flat, plate..' 

i : 
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APBLICATT.0N • ft" TOWED' CYLINDER 

•   "Consider a smooi cylinder of Radius r and length 1 towed lä^itu_ 
dlnaily at a. Velocity tiQ.    It will be. opposed, that the nose and ta^f ^ 

,^nder'^e; faired, ,ah| that l/? Ä *.imt that end effects- may ber^ . 

1"Qte^    If D. is* the-drag of the cylinder and DQ the drag of ä flat^t«, öf 
    ;^-VÄ.9„d. ög^e-^veloDed areä/Equatipns tl6l sind [i&l are^_}I,es<tly, i;he~saBie-ie«ig'vh^anQ- =w?~v—"^r—: ~ -»*- — —- - s >, .•-__. 

' appl'icäbls with x replaced by ir ''",.,'" :\    u •"",. N 
in a numerical, problem,. 1, T, Uö, " and * will generally be 8LVerx 

lvdatä fromwhiehÄ^an be computed,, where R , üQlA.   .The.ratip.^   ls 

/rcürvesv^the ^ictiphal ;reB^.tance; of ,a smooth, flat plate.       , • ., - 

•  Example:;- jt*t 1=1 

Then RVVQ
9
 ahd<|lf0'2 '= '75-3 

v--- Ovli i-21, *'- 1*? x TOT 
1- ' */ * 

Hence* from Figure .1,' L^, = 1.22%, Then H = TO"   ana-^ n        = •17-«"   -nwv«». " H •    ._...»   0    ..- 
•    '"       .!."      -lr- «.,-.,.   --<- P = in9, the snecific f,riettönal. res thfe^Schpenherr wean vu.vvw> »»..-- «T ..  - 

isÖvoÖÄ -Theft ';•••.•     ,      '' *-    ,   •. 

.vi^;;^^ ;.;i,"J •••.'!'".-'"'', ^fp^1«^ 

-For.Reyhöldlh«mbers,as large: *r. to' the surface roughne* 

Act 
i&e-G.j 

Assume>\4^; -ThenTJo-= ^3t 

prpica^«&'4rä^m^>e greater than*flP an lazily -smopm suf(%^ 
,©sr be 

".i) 

J 

-~~\. j      -si 
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APPLICATION TO SHIP FORMS 
??% 

On „atcomplex jggcpsj;;'' ;altjtur£B$4£ .-Biu&,:afe^^ the 
curvature of! the transverse -sections varies from point to point. It,will be 
assumed that the shearing stress at each point depends only upon the trans- 

verse radius of curvature r and the longitudinal position x at the point. The 
effect of longitudinal curvature and the -increase ift VelööTi-ty?^öEQeV-Jfeo--the: ••-'•- 

displacement flow are being neglected in these, calculations. 
Let 1 be, the length, of the ship' for 'model)., A the wetted surface 

area, U„ the velocity. The radius F of an equivalent semisubigerged cylinder' 

•will be defined by the relation,;, 

F = JL 7rl 
[21] 

and it will be shown that the correction factor for curvature is given by 

.Equation (261 with r and x "replaced By ¥ and i, -I.e. 

or;» substituting the value, 3qf J from [2TL 

. §- i'+ P.039 T 
-0,2 

[22]; 

[23] 

-0.2 fl 3 .#f. where ^ is Msfspecifte-&&M^*^&&* *°*;^^ Since R 
plate, [23]• may also be written as 

. • •   -..--..:• :%^^^.$^^ 

The value of 1\/ä. may be expected tö range from about 10 ,f ör^ä''f itfe- 

förm: to about 4- for a full form. C> ranges from about 0.006 for a small 
model" at low speed to about ;0vÖ025-för-a'-lärge model* Hence the curvature 
correction factor .may be .-.expected. %o. dränge1'from-, abrufe. ii;032.\ for- a smgll model 
at low 'speed to.about.Ts.005- for ä ls*ge.-"E9öeaj:,.v'TS. :\.?i.%._,.;;  > ; .•: ;•.• .= 

It remains tc be proved that a semisübmerged' cylinder-having'-the' 

same length;,.and. jetted surface ,ar.ea,-,f.B, th§ ship ,f.or% .iii. „accordance with' 123 J» 
wi^.l.;häye,.;the s^e^Urvatu^e-, ci2rreüJ49nv..J,,,,,^t. D be ; the .frictijohai, resistance 
of the ship form and D1 that of the .se^iB.u^erge^q^linder:;. it is,; to be, f 

proved that P; = p', 
Since'by deflhit^^ 

arid wetted surface; area as the .ship. form* the equivalent flat-plate resistance 

DQ is the: same pör'bothi 
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Let da b® 3» eiafegifc' of arc lahgfch along a träifeverBe section, and 
9^m;üs$^m&s^V^^'x^ of *i,e element. The friction force oh the ship 
form.!«"' -'-. " " "'""''" 

.        " D - ffrdxds I25J 

Bat substituting.-«0* •* tttm [Iftj» *e 60* 4 : 

or-__•-• "-•  :,; ••;-/• '•;•••'•••: .«      •'"      • -•'• - .   •  • •        •      _ , - - ,. 

D» •• % i- 0.02^811*;, Sfir" -te® 

Similarly 

q I 

Now put ds • rd© and aüplpsfl that the ship sides are .vertical at the water- 

iiineV so that « v6»i6B from -w/2 to n/2 along ä trlnsversS section.   '-Then 
•s--*/2"- 

Xw -&S 04 teds»]}   T^X^    dxele [283 
.o.Zw» 

SB' 

»j fi.xR.-0-8 dx. 'd^'x 
Similarly* for a- seMB^e^fd.-öyliftder of radius r* 

-;'••"•.•••••'   •••"fjr^iQ^-aidB - ^IrA^"1^" - ' 
.. ... __.-___ :_     _          •-_'. *      1 _. • c 

Hehee the integrals in \%(?\ and 1271 are equal» so that D-<• p',, as we wished 
to prove. ."      . ,     •' ----—---- ---=--.-..- • -_-___—..., ., -r 
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Tank on Model Resistance," Trans. Soc. Naval Arch. Marine Sng,., voli 50, pp.. 
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{2|   Kespf, Öunther» nife«? den Reifeungswiderstanä von FiScheh verschied- 

ener fömMQn th<* Frictiphal Resistance of Surfaces of various Form!,. lr>oo? 

Ptest^lfitörii, döngr- jpplieäMechanics, 1925. 
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